Summary.-Single toxic doses of 1,2-dimethylhydrazine induced mild centrilobular necrosis of the liver in rats and mice. Ultrastructural studies showed hepatic nuclear changes including nucleolar microsegregation and changes in the endoplasmic reticulum and mitochondria. 1-Methylhydrazine caused little morphological change in the liver. Tumours of the colon and kidney and also massive cystic hyperplasia of the liver were found in some of the rats and tumours of the anal margin and kidney in some of the mice, following single doses of 1,2-dimethylhydrazine. Incorporation of amino acids into rat liver proteins was inhibited by 1,2-dimethylhydrazine, which also caused disaggregation of hepatic polysomes. No effects on hepatic protein synthesis by 1,1 -dimethylhydrazine or 1-methylhydrazine were observed. Similarities between the effects of 1,2 -dimethylhydrazine, cycasin and dimethylnitrosamine are discussed.
THE REPEATED administration, either orally or by subcutaneous injection, of 1,2-dimethylhydrazine produces a high incidence of multiple tumours of the large gut in rats (Druckrey et al., 1967) , mice Haase et al., 1973) and hamsters (Osswald and Kruger, 1969) . 1,2-Dimethylhydrazine methylates nucleic acids in vivo in the organs where tumours arise, in both rats and mice (Hawks, Swann and Magee, 1971; Hawks and Magee, 1974) . Earlier publications (Kelly and O'Gara, 1965; Roe, Grant and Millican, 1967; Kelly et al., 1969; Mirvish et al., 1969; Hawks and Magee, unpublished work) have reported that the closely related compound 1-methylhydrazine was not carcinogenic in rats and mice, and it is a considerably less active alkylating agent in vivo (Hawks and Magee, 1974) . More recently, 1-methylhydrazine has been reported to increase the number of pulmonary tumours in Swiss mice (Toth, 1972) and to induce histiocytomata of the liver and some tumours of the caecum in hamsters (Toth and Shimizu, 1973) . 1,l-Dimethylhydrazine is not carcinogenic in rats (Argus and Hoch-Ligeti, 1961) or only weakly so (Druckrey et al., 1961) and does not alkylate rat liver RNA in vivo (Kruger, Wiessler and Riucker, 1970) . 1, l-Dimethylhydrazine, when administered to mice, has induced pulmonary tumours (Roe et al., 1967; Toth, 1973) and blood vessel tatnours (Toth, 1973) in Swiss mice. However, other workers have found I,l-dim'nthylhydrazine to be devoid of carcinogenic activity in another strain of mouse (Kelly et al., 1969) .
This communication reports a comparison of the early morphological changes induced by 1,2-dimethylhydrazine and 1-methylhydrazine and the effect of these compounds and of 1,1-dimethylhydrazine on rat liver ribosomal aggregation. The changes observed were compared with those reported to be produced by other carcinogens such as dimethylnitrosamine and cycasin, for which the same ultimate carcinogenic metabolites have been postulated and which are known to alkylate nucleic acids in vivo (Magee and Barnes, 1967 Histology for electron microscopy.-Small pieces of liver were fixed in cold 1 % osmium tetroxide buffered with phosphate (Millonig, 1961) for 1 5 h. The tissue was then dehydrated and embedded in Epikote 812 (Shell Chemical Co. Ltd) essentially by the method of Luft (1961) . Thin sections, cut on a Porter-Blum microtome, were stained with uranyl and lead salts before examination in a Phillips 200 electron microscope.
Conduct of animal experiments (a) LD50 determinations.-In all cases, 4 groups of 4 animals were given logarithmically increasing doses of either 1,2-dimethylhydrazine or 1-methylhydrazine. The LD50 at 1 week in each case was calculated by the method of Weil (1952) . All survivors were kept to record any pathological changes or tumours induced by a single dose.
(b) Light microscopy studies of mouse tissues following a single dose of either 1,2-dimethylhydrazine or 1-methylhydrazine.-NMRI and ASI mice (25 g) of both sexes, in groups of 3, received 1,2-dimethylhydrazine (15 mg/kg body weight), this being the dose which on repeated injection induced tumours of the colon. The animals, with a non-treated control animal, were killed at 6, 24, 48 and 72 h and 1 week after injection. A similar experiment was performed for 1-methylhydrazine (15 mg/kg body weight) using only NMRI mice.
(c) Light microscopy of rat tissues following a single dose of either 1,2-dimethylhydrazine or 1-methylhydrazine.-Four groups of 3 (100 g) male Wistar rate were given 1,2-dimethylhydrazine (200 mg/kg body weight). This dose was carcinogenic after single application. Animals, with a non-treated control animal, were killed at 6, 24 and 48 h and 1 week. A further 2 groups of 4 animals were given 500 mg/kg body weight (2 LD50) of 1,2-dimethylhydrazine and killed at 24 and 48 h. One animal in each group died. Twelve male Wistar rats (100 g) received 17-5 mg/kg body weight (2 LD50) of 1-methylhydrazine. Five animals died and 3 were killed at 6 h, 2 at 24 h and 2 at 48 h. (d) Ultrastructural studies of rat liver following a single dose of either 1,2-dimethylhydrazine or 1-methylhydrazine.-Two male Wistar rats (100 g) were injected subcutaneously with 1,2-dimethylhydrazine (500 mg/kg body weight). A further 2 rats were injected with 1-methylhydrazine (17.5 mg/kg body weight). In both cases these doses were about half the LD50 dose. One animal from each group was killed at 6 and 24 h for electron microcropy. (Table) . Another male NMRI mouse which received 5 mg/kg body weight developed rectal bleeding and a squamous cell carcinoma of the anal margin (Fig. 1) It is thus clear that tumours of the kidney and anal margin in mice, and tumours of the kidney and colon in rats, can be induced by a single dose of 1,2-dimethylhydrazine. The tumours induced in the colon by 1,2-dimethylhydrazine are histologically similar to those induced by N-nitroso-N-methylurea (Leaver, Swann and Magee, 1969) Logarithmically increasing doses were given to each group of animals using a factor of 1 8 for the NAIRI mice ancl 1-5 for the Wistar rats (Weil, 1952) .
dimethyl-4-aminobiphenyl (Spjut and Noall, 1971 ) and cycasin (Laqueur, 1965) in the rat. The kidney tumours have the same histological appearance as those induced by N-nitroso-N-methylurea (Leaver et al., 1969) , dimethylnitrosamine (Magee and Barnes, 1962) , ethyl methanesulphonate and cycasin (Laqueur et al., 1963) . The massive cystic biliary hyperplasia in the rat (Fig. 2) is very similar to that produced by limited exposure to N-nitrosomorpholine (Banasch and Reiss, 1971) , or N -methyl -N' -nitro -nitrosoguanidine (Craddock, 1968) or by continuous feeding of dimethylnitrosamine in the diet (Magee and Barnes, 1956) . No measure of tumour incidence is reported because of the small populations used. Similar findings using small groups of BD rats have been reported (Druckrey, 1970) .
Histological studies following a single dose of either I,2-dimethylhydrazine or 1-methylhydrazine 1,2-Dimethylhydrazine produces a mild centrilobular necrosis in the liver of both rats and mice (Fig. 3) which is histologically similar to that produced by relatively low doses of dimethylnitrosamine (Barnes and Magee, 1954;  McLean, Bras and McLean, 1965) , cycasin (Laqueur et al., 1963) and methylazoxymethanol (Zedeck et al., 1970) . The light microscopic changes were more pronounced in the rats but were maximal at 48 h in both species. The liver morphology of both rats and mice treated with 1-methylhydrazine was normal by light microscopy at all of the times examined (Fig. 4 ).
After treatment with 1,2-dimethylhydrazine, the rat small intestine and colon crypts showed obvious morphological changes. There were pycnotic cells, karyorrhectic cells and the nuclei were irregularly aligned. The changes were maximal at 6 h following treatment and very similar to those induced by methylazoxymethanol acetate (Zedeck et al., 1970) but less marked than with N-methyl-N-nitrosourea (Leaver et al., 1969; Hawks, unpublished work) . The changes in mouse colon and small intestine were similar but less marked. The maximal changes were observed at 24 h, which is in agreement with L6hrs et al. (1969) . I-Methylhydrazine did not induce any observable changes in the small intestine or colon of either species. The other tissues examined following treatment with either compound appeared normal.
Ultrastructural studies of rat liver
At 6 h after treatment with 1-methylhydrazine, the ultrastructure of the liver did not differ from that in control animals except that the Golgi apparatus contained £ w. o.-rart ot a iiver cell from an animal treated in the same way as that shown in Fig. 7 . A whorl of degranulated endoplasmic reticulum (er) surrounds a large lipid droplet. Other lipid droplets (1) and cisternae of smooth endoplasmic reticulum (ser) are also included in this field. x 28,000.
435
'Prr, Q many dense granules apparently similar to those induced by hydrazine sulphate (Fig. 5 ) (Ganote and Rosenthal, 1968) . As in the case of hydrazine sulphate, this change had regressed by 24 h Treatment with 1,2-dimethylhydrazine produced ultrastructural changes very similar to those produced by dimethylnitrosamine (Emmelot and Benedetti, 1960; Mukerjee et al., 1963; Ganote and Rosenthal, 1968) and methylazoxymethanol (Ganote and Rosenthal, 1968; Zedeck et al., 1970) . At 6 h there was nucleolar microsegregation, with partial separation of the fibrillar and granular components. These ultrastructural changes are similar to those described for dimethylnitrosamine and 3'-methyl-4-dimethylaminoazobenzene but distinct from actinomycin D, aflatoxin and lasiocarpine (Svoboda, Racela and Higginson, 1967; Svoboda and Higginson, 1968) . The mitochondria were irregular in profile, swollen and had lost their calcium granules (Fig. 6) . By 24 h there was an increased amount of smooth endoplasmic reticulum, disrupted rough endoplasmic reticulum with free ribosomes and whorls of degranulated membrane. There was also some accumulation of triglyceride (Fig. 7, 8 ).
Effects on ribosomal aggregation
The incorporation of [3H] leucine into total liver protein following treatment with 1,2-dimethylhydrazine, 1,1-dimethylhydrazine and 1-methylhydrazine at different times after treatment is shown in Fig. 9 . 1,2-Dimethylhydrazine had an inhibitory effect similar to that of dimethylnitrosamine (Magee, 1968; VillaTrevino, 1967) and cycasin (Shank and Magee, 1967) while the other two compounds had little or no effect. As the inhibition of incorporation of [3H]leucine by 1,2-dimethylhydrazine was maximal at about 6 h, total cell ribosomes were prepared at this time and at 24 h to compare with the ultrastructural studies. 1,2-Dimethylhydrazine had a marked effect on ribosome aggregation at 6 and 24 h (Fig. 10) , the number of monomers compared with dimers and higher aggregations being greatly increased. No correction for ferritin absorption was made and consequently no quantitative conclusions could be drawn. In contrast, 1,1 -dimethylhydrazine and 1-methylhydrazine had no effect on ribosomal aggregation at 6 or 24 h. The light and electron microscope studies show that 1,2-dimethylhydrazine is a hepatotoxin that induces morphological changes similar to those seen with dimethylnitrosamine and cycasin, which are known to alkylate cell components. In contrast, the non-carcinogenic 1-methylhydrazine, which is a very weak alkylating agent in vivo (Hawks and Magee, 1974) causes little or no histological and cytological damage. Similarly, of the 3 agents used in these experiments, only 1,2-dimethylhydrazine inhibited the incorporation of [3H]leucine into rat liver protein and induced monomer formation in rat liver polysomes in a manner analogous to dimethylnitrosamine. These acute structural and biochemical changes found in the liver are consistent with the severe hepatic damage reported to follow repeated injections of 1,2-dimethylhydrazine in mice by Haase et al. (1973) . It is suggested that alkylation of tissue components, including DNA, is a major factor in carcinogenesis by 1,2-dimethylhydrazine.
